Common Course Objectives for BIOL 2421 (Microbiology)

Introduction:  This course is designed for science majors who need a microbiology course for their professional preparation, usually in an area of clinical application as pharmacy, nursing, physician’s assistant, dental assistant, and others. In addition, this course is required in the biotechnology program. In order to enhance learning, the laboratory exercises are coordinated with lecture topics within each unit of study. Critical thinking and problem solving skills are developed in both laboratory and lecture. 

Laboratory:

1. Understand and comply with laboratory safety rules and procedures, especially the constant use of aseptic technique and the proper handling of biohazards.

2. Successfully perform the following techniques:  aseptic transfer; streak and spread plates for isolation of microbes; maintenance of pure cultures, using colony morphology to aid in microbial identification; simple, differential, and special stains; serological, metabolic and biochemical characterization of microbes; molecular techniques as gel electrophoresis, transformation, restriction digest, etc. as performed in the laboratory.

3. Become proficient with the light microscope by using wet mounts and stained smears to differentiate among and between eucaryotic and procaryotic microbes. Use phase, fluorescence and  brightfield microscopy.

4. Become proficient at characterizing “unknown” microbes by both microscopic and macroscopic techniques and by preparing and using dichotomous keys.

5. Become familiar with  procedures for performing and reporting laboratory experiments.

6. Culture microbes on various media, observing their growth characteristics and factors affecting their growth.

Lecture

1. Develop and use critical thinking and problem solving skills through the use of case studies and reviews of scientific literature.

2. Describe the historical perspectives important in the development of microbiology and the current diversity in the field to include the germ theory and the microbes being studied.

3. Understand atomic structure and how atoms interact to form molecules.

4. Compare and contrast organic and inorganic compounds and their properties.

5. Compare and contrast the molecular characteristics and functions of carbohydrates, nucleic acids, proteins and lipids.

6. Fully describe the compound light microscope; compare and contrast brightfield, darkfield, phase-contrast and fluorescence microscopes and their uses.

7. Compare and contrast light and electron microscopy; compare and contrast the uses and functions of scanning and transmission electron microscopy.

8. Compare and contrast the procedures for observing living and dead microbes; compare and contrast simple, differential and special stains and their purposes.

9. Explain the purpose of each Gram reagent and why Gram positive and Gram negative bacteria can be distinguished by the procedure.

10. Compare and contrast eucaryotic and procaryotic cells and their specific structures with functions.

11. Compare and contrast Whittaker’s kingdom with Woese’s domain system of classification.

12. Fully describe enzymes, their nomenclature, structure, and functions.

13. Fully describe metabolism; compare and contrast anabolism and catabolism.

14. Compare and contrast oxidation and reduction; explain its role in metabolism.

15. Describe ATP, its role in cellular energy and its production by phosphorylation.

16. Compare and contrast respiration and fermentation as catabolic pathways.

17. Compare and contrast the pathways used during aerobic and anaerobic respiration; include energy yield, using examples.

18. Describe examples of fermentation, particularly those of industrial importance.

19. Compare and contrast microbial growth by temperature range,  pH, oxygen, and osmotic pressure requirements.

20. Compare and contrast chemical (nutritional) requirements to include CHONPS, trace elements, and organic growth factors.

21. Compare and contrast complex and chemically defined media, using examples of media recipes.

22. Compare and contrast the use of special media and culture techniques for growing microbes.

23. Describe binary fission and the bacterial growth curve and their relationship to generation time.

24. Compare and contrast direct and indirect measures of microbial growth.

25. Compare and contrast terms related to destruction or suppression of microbial growth.

26. Compare and contrast major physical and chemical methods for controlling microbial growth, how they control, and their relative effectiveness.

27. Compare and contrast the structure and function of DNA and RNA.

28. Compare and contrast in detail the processes of replication, transcription and translation. 

29. Discuss the regulation of gene expression in bacteria using the operon model.

30. Define mutation; compare and contrast the types of mutations, their possible effects on a microbe and how mutants can be detected.  

31. Compare and contrast physical, chemical, and biological mutagens and their effects.

32. Compare and contrast methods of genetic transfer and recombination in bacteria.

33. Compare and contrast tools and techniques used in biotechnology, including recombinant DNA technologies, PCR, clonal selection, and therapeutic, agricultural and scientific applications.

34. Describe the use of Bergey’s Manual of Systematic Bacteriology and its criteria for the taxonomy of procaryotes, using medically important examples.

35. Compare and contrast the major groups of fungi, protozoa, and helminths by their defining characteristics, giving examples of each.

36. Compare and contrast various arthropod vectors, giving examples of diseases they transmit.

37. Describe the architecture, chemical composition, cultivation and classification of viruses.

38. Compare and contrast the lytic and lysogenic cycles and explain their importance; include latency.

39. Describe various cytopathic effects of viruses, including tumors and cancers caused by viruses.

40. Compare and contrast replication between animal viruses and the T4 phage. 

41. Define the terms necessary to understand disease principles and epidemiology:  normal and transient flora, opportunists, pathogen, infection, disease, virulence and its measures, etiology, nosocomial, epidemic, endemic, pandemic, portals of entry and exit, types of symbiosis, predisposing factors, morbidity and mortality.

42. Compare and contrast living and nonliving reservoirs, using examples.

43. Compare and contrast disease transmission, using examples:  contact, vehicle, and vector.

44. Compare and contrast the stages of disease development:  incubation, prodrome, illness, decline and convalescence.

45. Define CDC and explain how it protects the public health.

46. Compare and contrast native (innate) and acquired immunity; using examples, include active vs passive and natural vs artificial immunity.

47. Compare and contrast microbial pathogenesis of specific invasive factors and toxins (endo- and exotoxins) with other mechanisms by which microbes cause disease.

48. Compare and contrast the physical, chemical and biological mechanisms protecting the host by nonspecific surface defense (skin and mucosa).

49. Compare and contrast blood and tissue processes and factors protecting the host in the nonspecific interior defense.

50. Compare and contrast in detail the workings of humoral and cellular immunity protecting the host during specific defense.

51. Compare and contrast various serological techniques and how they can be used to determine one’s immunological status and diagnose diseases.

52. Compare and contrast the immunizing agents for disease prevention and explain how vaccination works, using examples.

53. Compare and contrast immediate and delayed hypersensitivity (allergy), using examples.

54. Compare and contrast autoimmune diseases and immune deficiencies, using examples.

55. Compare and contrast the immune response to tumors and cancer with that to transplants (grafts), using examples.

56. Be able to effectively use a computer and Internet browser to find infectious diseases information for writing a disease report and solving a case study.

